that only will grow in the near future. We're also working to train more data-savvy managers and analysts who are capable of asking good questions -the ones that create an advantage and proactively manage risk.
As home to the National Institute of Statistical Sciences, SAS, LexisNexis, ABB, NetApp, Cisco, RTI and many other dataintensive organizations, the Research Triangle region is a data science powerhouse. It's a rich environment for collaboration, and the Data Science Initiative will allow NC State to foster more effective partnerships in the region and beyond. In March 2015, we look forward to a high-impact conference, Data4Decisions, in Raleigh to focus on data needs of executives and decision makers.
I have thoroughly enjoyed leading NC State's research enterprise in creating impactful results and achieving record levels of extramural funding over the last six years. My time as vice chancellor for research, innovation and economic development has been one of the most rewarding experiences of my professional life. While I will miss daily interactions with our outstanding faculty, staff and students, I will continue to foster partnerships with North Carolina's universities in my new role as executive vice president of discovery, science and technology at RTI International. I offer heartfelt thanks to the NC State research community and wish you all continued success.
TERRI L. LOMAX, Vice Chancellor Research, Innovation and Economic Development
In this issue's cover story, you'll read how excellence in all of the contributing disciplines -such as computer science, statistics and design -are helping to position NC State as a national leader in providing talent and solving "Big Data Challenges." With NC State's wealth of expertise, we are expecting great things from the new Data Science Initiative that we have created to corral and focus our efforts in this crucial emerging area. I am very pleased that our own Mladen Vouk -one of the fathers of "the cloud" -has agreed to be the founding director of the Data Science Initiative.
The growing volume of data collected in the digital world presents scientists and business leaders with major challenges, along with opportunities for increased understanding. The insights gained by applying data science have the potential to improve decision making across all sectors of the economy including health care, manufacturing, energy and government.
NC State has played a foundational role in establishing the discipline of data science, including when alum Jim Goodnight founded SAS Institute more than three decades ago and NC State launched the nation's first Master of Science in Analytics. The Data Science Initiative will expand our research, teaching and outreach efforts to create a hub of excellence by integrating our existing capabilities, bringing new resources to bear, and building partnerships with leading organizations.
We're working now to expand undergraduate and graduate programs to close existing gaps in the data science talent pool We're working now to expand undergraduate and graduate programs to close existing gaps in the data science talent pool that will only grow in the near future.
Solving
Data Challenges The field of statistics has undergone a radical change since Alyson Wilson began her career as a mathematical statistician with the National Institutes of Health two decades ago.
"We used to do very carefully designed experiments. Every record was full of rich data, very carefully controlled," says Wilson, now a statistician at NC State University. "Today, we often have to deal with 'found data.' When you're dealing with every Web page written in Japanese or every Wikipedia entry in Polish, the issues are different than when you're dealing with 30 carefully controlled experiments on one topic."
The data-processing tools of the digital age give researchers -as well as business managers, public officials and other decision-makers -a staggering volume of data to manage and analyze. Coping with this flood of "big data" is often likened to drinking from a fire hose.
If only it were that simple.
The Internet, one of the fastest-growing channels of digital information, is like a data-driven Niagara Falls, surging with an endless, churning, unstoppable flood of bits and bytes. Trying to pinpoint and analyze a particular piece of information on the Web is like trying to pick out a specific drop of water as it rushes over the falls.
PennyStocks, an online investment company, estimates that well over a million gigabytes of data are transferred over the Internet every minute. Computer chip maker Intel says it would take nearly five years to watch all the video footage that streams over the Internet in just one second.
Of course, the Internet isn't the only tool that generates swarms of data. Hospitals and medical offices create electronic medical records for millions of patients, utility Big Data Challenges:
V OL UME , VA R IE T Y, V E L OCI T Y & V E R A CI T Y B y D a v i d H u n t
"We used to do very carefully designed experiments.
Every record was full of rich data, very carefully controlled. To do that, companies typically conduct a series of pass/fail tests on individual parts and then apply statistical models to estimate their likely future performance. The analysis is complicated because the components are interrelated, so that a failure in one area affects others downstream. But in almost every case, scientists face the same problem: analyzing a variety of data from different sources in a complex system.
A promising new approach, devised by Wilson and researcher Jiqiang Guo at the Virginia Tech Social and Decision Analytics Laboratory, gives scientists a way to combine component-level data into a unified model for a whole system. The sophisticated mathematical methodology, based on a probability theorem called Bayes' law, allows researchers to more accurately estimate reliability for an entire product.
DIFFERENT DATA Data falls broadly into two categories, says computer scientist Randy Avent: structured and unstructured. You know what structured data is if you've ever entered numbers into a spreadsheet. It's the type of information that fits companies track power usage by millions of homes and businesses, and retailers maintain sales and inventory records on millions of products.
The huge and growing volume of data available for analysis is just one challenge for scientists, Wilson says. Researchers in the field face a set of often-overlapping difficulties known as the four Vs: volume, variety, velocity and veracity. Information overload, a term coined by social scientist Bertram Gross 50 years ago and popularized by futurist Alvin Toffler in his 1970 bestseller Future Shock, is no longer an impending threat -it's business as usual. The world is simply flooded with too much data moving much too quickly for any one person to collect, verify and understand.
That's where math comes in.
Wilson is an expert in working with heterogeneous data to understand complex problems -the variety aspect of big data. To understand the challenges, let's take a look at a real-world example that Wilson described in a 2013 article in the journal Technometrics. neatly in a column or row, like a baseball team's scores for the season or the price of each item in your grocery cart. Unstructured data includes a lot of the digital information that streams over the Internet, such as text, video, sound and images.
Avent, president of Florida Polytechnic University, says making sense of huge amounts of heterogeneous data requires scientists to work across disciplines.
"We used to value very deep disciplinary advances," he says. "But a lot of the problems we're working on today can't be solved by a single discipline."
Avent's academic career mirrors that way of thinking, combining studies in the life sciences, mathematics and engineering. At NC State, where he served as associate vice chancellor for research development for three years before moving to Florida Polytechnic, Avent spearheaded a pioneering effort to create an interdisciplinary cluster of researchers in datadriven science.
That faculty cluster, now led by Wilson, brings together top researchers in computer science, mathematics and statistics to confront the challenges of big data and train the next generation of analytics scientists. With Wilson as principal investigator, it's also leading a nationwide collaboration funded by a $60 million grant from the NSAthe National Security Agency -to make groundbreaking advances in the science of data analysis.
The Laboratory for Analytic Sciences or LAS, housed on NC State's ultramodern Centennial Campus, is one of the largest sponsored-research projects in the university's history -a testament to the importance the federal government places on solving the challenges of big data.
BIG DATA, HIGH SECURITY Forrest Allen, program manager at LAS, says NC State was the logical choice to lead the multidisciplinary center because of its culture of collaboration. Although private universities such as the Massachusetts Institute of Technology and Carnegie Mellon may be better known, NC State is quickly gaining a reputation with Washington policymakers as the go-to place for public-private partnerships.
In fact, the university has become a hub for hubs. In addition to the analytic science lab, the university is also leading multidisciplinary centers combating the spread of nuclear weapons, redesigning the nation's electric power grid, developing wearable health-monitoring devices and helping farmers cope with the effects of a changing climate.
Allen, who spent a decade in Washington, D.C., as a congressional staffer and deputy assistant secretary in the Department of Energy, says NC State delivers both real-world experience and broad expertise. Instead of being strong in just a few scientific disciplines such as engineering and computer science, he says, NC State excels across a broad array of disciplines, including industrial design, genetics, the humanities and social sciences, business management, statistics and clinical sciences.
"We have world-class computer scientists, but we also have historians and English professors and psychologists on the same campus," he says. "NC State has been able to integrate those faculty into an interdisciplinary environment that we really think is the special sauce of LAS."
The new lab is off to a strong start, Allen says. The NSA has 20 staff members working on campus to support the effort, and that number will eventually increase to 50. Faculty members from seven of NC State's 10 colleges are already working on projects at LAS. A three-day campus event introducing the lab to faculty attracted more than 150 faculty members eager to discuss research ideas with agency officials.
"We have world-class computer scientists, but we also have historians and English professors and psychologists on the same campus.
NC State has been able to integrate those faculty into an interdisciplinary environment that we really think is the special sauce of LAS."
"Everybody on campus does analysis," Allen says. "Business faculty do financial analysis, veterinarians do medical analysis, biologists do genetic analysis. The NSA just happens to do intelligence analysis. There's a lot of commonality."
Allen says researchers at LAS are approaching the big data challenge from several perspectives, ranging from scientific innovations that speed data processing to social science models that seek to understand human behavior. Much of the work involves trying to improve the signal-to-noise ratio inherent in complex data -cutting through the mass of irrelevant information and pinpointing critical material.
"With as many sensors as we have, we don't have a giant vacuum cleaner sucking up every signal that the world produces," he says. "We think the answers are out there in the data. We just have to find the right way to sort through it all." BIG DATA AND BIOINFORMATICS It's easy to understand the importance of harnessing big data analysis in the service of national security. After all, we all want to help the good guys and stop the bad guys. But what if the bad guy is a parasite and the good guy is a protein?
Welcome to the world of bioinformatics -one of the hottest fields applying big data analytics to real-world problems.
Researchers in bioinformatics develop tools to help make sense of the vast, complex and diverse data sets generated by studies in biological and medical science. Much of that data takes the form of strings of DNA that contain all of an organism's genetic information. In humans, that amounts to about three billion base pairs of the compounds adenine, guanine, cytosine and thymine -the rungs on DNA's twisted ladder. The sequence of these bases provides the instructions needed for an organism to develop, survive and reproduce.
In his lab on Centennial Campus, plant pathologist David Bird leads the university's new bioinformatics cluster, bringing together top researchers in genetics, statistics, computer science and biology. Meeting the challenges of big data has sparked "a philosophical change in the way we do science," Bird says.
For one thing, researchers now have the computing power and the statistical tools to take on tasks that would have been impossible a decade ago, like running 10 billion tests on a string of DNA.
DNA sequencing gives researchers a window on the inner workings of the genome, providing a wealth of data that explains how proteins are made, identifies the mutations associated with cancer risks, and shows how parasites interact with their hosts at the cellular level, among other insights.
NEMATODE TROUBLE
For most of his professional life, Bird has studied nematodes, one of the most abundant animals on the planet. Grab a handful of soil and you're likely holding thousands of the microscopic creatures, commonly called roundworms.
With more than 30,000 known species -and perhaps a million more yet to be identified -nematodes have adapted to a wide range of habitats, from freshwater lakes to tropical forests, not to mention the human intestine.
"Half the world's human population is infected with nematodes," Bird says. "We have to get our hands on controlling them."
Of the thousands of species, a few are truly nasty, causing ailments such as trichinosis, a disease that affects more than 10 million people, mostly in the developing world. Take root-knot nematodes, for example. The tiny parasitic animals hatch in the soil, make their way to a plant and then dig into its roots. There they secrete proteins that instruct the plant to develop a specialized feeding site for the parasite. After feeding on the plant for several weeks, the adult female lays around 1,000 eggs. During this time, the plant appears oblivious to the feeding nematodes, and it is only when another stress comes along -such as a few weeks without rain -that the plant shows symptoms.
While crop rotation is a common pest management technique, it doesn't usually work with nematodes because they're perfectly at home in a wide variety of plants. And they're patient pests; some species can survive in a desiccated, anhydrobiotic state for more than a century, waiting for a host.
As a microbiologist, Bird thinks the best way to combat the parasite is to understand and short-circuit the chemical processes that allow it to interact with its host. That's where big data can help. After all, there isn't one single factor that makes a plant vulnerable to nematodes. Researchers are just beginning to decode the genetic mechanisms that trigger the parasitic proteins responsible for hijacking the host plant during invasion, inducing the formation of feeding sites, manipulating the host's metabolism for the nutritional benefit of the nematodes and suppressing the host's defense responses.
"Evolution has done this big 2-billion-year experiment," Bird says. "We have to look at all that natural variation to infer how the parasite works."
IN OUR GENES
"Some people use the analogy of looking for a needle in a haystack," says statistician Fred Wright. "But that's not what we're doing. We're actually looking for lots of needles in many, many haystacks."
Wright, a member of NC State's new bioinformatics faculty cluster and director of the Bioinformatics Research Center, is studying genetic variations in people with cystic fibrosis, an inherited disorder that causes severe damage to the lungs and digestive system. "Even with modern medicine, some people with cystic fibrosis die at 15, and some live to 50," Wright says. "It's that variation that we're trying to understand. What is it in the constitution of their DNA that allows some people to survive so long?"
To answer that question, Wright and collaborators at the UNC-Chapel Hill Cystic Fibrosis Center are conducting complex genetic profiling on thousands of cystic fibrosis sufferers -a data-crunching challenge that scientists have only recently been able to address thanks to fast, powerful computers. The raw data come from microarrays, a technology for probing millions of genetic markers and measuring thousands of genes simultaneously to determine which are switched on and which are switched off. By comparing the genetic profiles of different people, the researchers are learning how the disease progresses.
"If we find variations that correlate to reduced lung function, then it becomes a matter of working with medical geneticists to understand how the genes may be interacting or mediating the immune system to cause the lung to become inflamed," he explains. "The eventual hope is that there might be a drug target that could help fix the problem."
If it seems strange that a statistician is leading a medical research project, it's time to update your thinking. In the age "Some people use the analogy of looking for a needle in a haystack. "There's been a change in the last decade," says Bird, head of the bioinformatics cluster. "Statisticians are no longer just service people that you go to for help with your experiment. They're now leading the discipline."
TRACING TOXINS
Among those leaders is David Reif, a researcher trained as both a statistician and a geneticist who joined NC State in 2013 after seven years at the U.S. Environmental Protection Agency, where he worked as a scientist in the agency's National Center for Computational Toxicology. Reif is an expert on the toxic effects of chemicals.
From the pesticides used to protect crops to the pressurized fluid injected into shale formations to extract natural gas and petroleum, toxic chemicals pose a growing risk to people and the environment. Finding the genetic connection between toxins and diseases is crucially important -and enormously difficult.
"Why do people respond differently to the same environment toxins?" Reif asks. "If two people drink the same tap water, why does one person get sick while the other does not?"
The answer may be found in the genetic variations Reif studies in the lab. But even with all the computing power of a major research university at his fingertips to crunch vast amounts of data and churn out volumes of reports, Reif notes that computers don't perform the most important function in science: thinking.
"The computer doesn't solve the problem without instructions on where and how to look," Reif says. "But it's great at performing a simple task umpteen billion times without getting bored."
Once computers have done their job of highlighting promising associations, Reif begins the challenging work of interpreting the data. The genetic pathways that lead from toxic exposure to physical illness are rarely marked with clear signposts. But that doesn't mean researchers have reached the end of the road when it comes to big data. Text on a Web page is, of course, unstructured data -the kind of information that isn't easily sorted, quantified or interpreted. But students like Michaelis need to learn to work with it, especially considering its exponential rate of growth. IBM estimates that 90 percent of the world's data was created in the last two years, and 80 percent of it is unstructured.
DATA-DRIVEN DECISIONS
As he reviews the data, Michaelis talks through the challenges of handling terabytes of information. But the real power of innovation management is more than just the ability to read every word on every website pertaining to a business or industry.
"If you have data but no idea how to apply it, then you just have numbers on a page," Michaelis says. "You have to be able to interpret data, to give it meaning."
From a student's perspective, the program offers a new educational paradigm in which questions are as important as answers.
"The old way was: The professor is going to tell me the answer, I'm going write it down and memorize it, and then I'll get paid a bunch of money because I know that thing," Michaelis says. "The new way is questioning everything, searching for an answer rather than just receiving one."
THINK AND DO
If you guessed that a new way of teaching requires a new breed of teacher, you're on the right track. Take Michael Kowolenko, an assistant teaching professor in the Poole College of Management and the first teacher to offer a class on data-driven decision-making at NC State. With a Ph.D. in immunology from Northeastern and two decades of experience in both research and operations at an international pharmaceutical firm, Kowolenko understands the real-world challenges of succeeding in the information age. "I'm a technical guy who made it in business," he says.
At NC State, Kowolenko works with teams of graduate students on industry-sponsored research projects in fields as diverse as engineering, computer science and human resource management. Whatever the field, each project starts with a question.
"You can throw a lot of analytics at anything, but if you don't know what problem you're trying to solve or what question you're trying to answer, then you're just throwing good money after bad," he says. "Your goal has to be to convert information to knowledge. Knowledge is what gives you the ability to make a decision."
Business executives who have only dealt with structured data -financial statements and inventory reports, for examplemay have a hard time putting confidence in unstructured data such as marketing intelligence and Web search results.
"Unstructured text analytics is really messy," Kowolenko says. "A lot of times you see statisticians and analysts twist in their seats a little bit because our methodologies are so different."
To overcome their reluctance, he has a simple pitch: "The people who do this best, win."
PAST AND FUTURE
At the National Institute of Statistical Sciences in Research Triangle Park, Director Alan Karr was thinking about the future, and not just because he was leaving the agency after 20 years to take a job at nearby RTI International. "There's no going back on the world's capacity for collecting data," he says. "Soon even your car will have its own Internet address."
As the challenges of big data evolve and grow, Karr says, North Carolina's Research Triangle is the natural place to confront them. After all, the region pioneered many of the tools and processes that helped launch the data analytics industry and have fueled its explosive growth.
At his new office at RTI, Karr works in a building named for the late Gertrude Cox, an expert in experimental research design who came to Raleigh in 1940 to join the faculty at NC State. She is credited with helping to establish the statistics departments at NC State and UNC-Chapel Hill, as well as the statistical division at RTI -a legacy felt to this day.
The region is also home to SAS Institute, a data analytics powerhouse founded in 1976 by Jim Goodnight, an NC State alumnus and onetime faculty member. The company -the world's largest privately held software firm -recently signed a master research agreement with the university to sponsor projects in a wide range of disciplines.
The convergence of major universities, nonprofits and industry leaders such as SAS makes the Triangle a hotbed of collaborative research.
The revolution sparked by the relentless growth of complex data has, in fact, touched virtually every industry and profession -including academia -making the practice of working across disciplines the new normal in labs and research institutes. This new focus on collaboration can't come too soon, says Karr. "What's really behind the challenges of big data isn't just that data are complex," he says. "It's that data are complex in ways that we aren't used to." Or, to quote the futurist Alvin Toffler, "The future always comes too fast and in the wrong order." "There's no going back on the world's capacity for collecting data. At Makerspace, the well-appointed, technologically advanced common room on the fourth floor of NC State's Hunt Library, advanced printing, scanning and cutting technologies are readily accessible to any member of the campus community.
It's a place where dreams, and an occasional daydream, come true. That's why it has become one of the most popular places in the world-renowned Hunt, which may explain why the NCSU Libraries will open a space that's similar -but twice as large -at D.H. Hill Library in the spring of 2015.
The people who run Makerspace helped recent graduates Austin Carpenter and Jonathan Gregory develop a portable three-dimensional scanner with a rotating platform and three tower scanners for their senior design project.
One of the first things they printed, in conjunction with the fifth-annual Maker Faire this summer at the North Carolina State Fairgrounds, was a figurine of Chancellor Randy Woodson. Why exactly did they do this, except for the purpose of creating the nation's first chancellor action figure?
Because they could. a $2,000 3-D printer, cutting out the costly production of prototype molds that can cost up to a quarter of a million dollars.
He likes to think of the Lyf Shoes model as the first "digital cobbler." He knows these innovations wouldn't be possible without the use of 3-D scanning and printing technology.
"It allows us to create a totally different business model," says Khalifa, from his offices in downtown Raleigh. "It's a complete game changer." At NC State, there is significant science attached to this once-novel idea in the field of additive manufacturing. In Daniels Hall, in the heart of campus, industrial and systems engineering professor Russell King runs the Center for Additive Manufacturing and Logistics (CAMAL), where desktop and industrial-size printers spit out objects in cobalt chromium, titanium, stainless steel and plastic.
It's a whole new form of publishing in a building named for Josephus Daniels, the longtime Raleigh newspaper publisher and charter member of the Watauga Club.
CAMAL co-director Ola Harrysson has been doing such work for more than a decade, especially in medical applications for the NC State College of Veterinary Medicine. He printed out his first artificial orthopedic leg for a cat shortly after he arrived in 2002.
The advances in 3-D printing since then are breathtaking, crossing the boundaries between disciplines, universities and even species.
Harrysson is currently working with UNC-Chapel Hill School of Medicine associate professor Austin Rose to develop printed plastic bones that will enable doctors to do preoperative simulation -a surgical scrimmage of sorts -for difficult ear surgeries such as cochlear implantation. In the past, those simulations have been done on well-worn cadaver bones.
Harrysson, Rose and NC State graduate student Caroline Webster have been working with a team of engineers and physicians to develop near-perfect replicas of those same bones for both adult and pediatric surgeries, all produced on a 3-D printer. "It's intricate and time-consuming work," Harrysson says. "You need input from the engineering side and the medical side to validate the model."
For now the models are used for practice surgeries in doctors' surgical training. Developing replica bones for surgeries on infants is critically important because pediatric cadaver bones are rarely available for simulation.
"We've never had this kind of ability to teach and assess our residents," Rose says. "Before, they just had to get that experience in surgery. The ability for our residents to practice "It allows us to create a totally different business model. preoperatively on a pediatric or otherwise challenging patient is a huge accomplishment. We can now get a scan, have the model printed out and gain valuable surgical experience before we ever touch the patient."
Webster, a native of Orlando who came to Raleigh from Mocksville, North Carolina, began working in Harrysson's lab during her sophomore year as a biomedical engineering student because "students here are allowed to do things and make things that make a difference," she says.
She has since become an expert in integrating MRI and CT scans with digital software called Mimics to map important nerves, the carotid artery, the sigmoid sinus and every variation in and around the delicate temporal bone that a surgical student may encounter during implant surgery. She's also learned to understand and translate the languages of both medicine and engineering.
The work done in Harrysson's lab spans multiple disciplines. In fact, members of the group spent the summer presenting their findings at conferences: Webster at a medical software conference in Chicago and an engineering conference in Austin, Texas; Rose at medical conferences in Las Vegas and Israel; and Harrysson at a medical advance digital conference in Beijing, China.
Medical printing could be the next significant innovation coming from the emerging field. NC State engineers have helped develop a printed cast that conforms perfectly to a patient's broken limb and that delivers ultrasound waves to stimulate healing.
Harrysson has high hopes for the field's not-too-distant future, including the ability to print with living cells. Though he doesn't expect someone to be able to hit "Ctrl P -kidney" anytime soon, he's working with medical doctors at Wake Forest University to replicate bladders, heart valves and other organs. More immediately, he's developing ways to print small samples of living tissues that can be used to test screening drugs.
"These are tissues that previously you had to get from humans or animals," Harrysson says. "You wouldn't have to print the whole kidney; just a small piece of it. Then you give it the disease and try screening drugs on it. That could be even more beneficial than a fully printed kidney. It will help develop drugs." While others may be peering into the future with their 3-D printing capabilities, paleontologist Lindsay Zanno is using 3-D scanning and printing, gaming technology and design software to help turn the ancient bones and bone fragments she has found in the field into full models of newly discovered species of dinosaurs.
"We are experimenting with some nifty programs that will allow us to take two bones and compare them in 3-D space," says Zanno, director of the Paleontology and Geology Research Lab at the North Carolina Museum of Sciences. "We can turn that into quantitative data, and in turn, we can use that to understand how bones differ between species in a way we couldn't before."
She has a new handheld scanner that her interns can use in the lab or in the field to get high-quality scans she can use to print full-scale and scaled-down models of bones and fragments. She recently took the handheld scanner on a research trip to Mongolia. "We are experimenting with some nifty programs that will allow us to take two bones and compare them in 3-D space.
We can turn that into quantitative data, and in turn, we can use that to understand how bones differ between species in a way we couldn't before." -L I N DSAY Z A N N O "I have all kinds of 3-D models we brought back from that," says Zanno, who is also on NC State's College of Sciences faculty. "Right now, we're concentrating on building a database. Once we have a big enough database, that's information we can share without having to go into the field or to the museums where collections are housed. A huge amount of the money that we need for the science of paleontology is for traveling to other exhibits and museums. This cuts down on that and allows us to collaborate more and share more. That is huge for us."
Zanno envisions a day when she can excavate and clean bones but skip the time-consuming process of fully prepping her findings. She'll be able to get intricate CT scans of the bones and turn those scans into printed models.
"That would change everything we do," Zanno says. "It would be phenomenal. That's on the horizon, and we are trying to be a leader in developing that technology."
Of course, when a new dinosaur is discovered -like Siats meekerorum, a 98-million-yearold carnivore Zanno unveiled last November -everyone wants to see a model of what it might have looked like. Zanno also uses digital technology, along with help from students in NC State's College of Design, to figure that out.
Undergraduate design student Stephanie Huang of Cary, North Carolina, came to NC State to learn computer animation. She took a job in Zanno's lab that allows her to develop her animation skills by creating digital models of reptiles.
"This gives me experience in the animation software I will use one day," Huang says. "I never thought about applying my major this way, but now that I've seen this is an option, I might continue on this track."
Zanno is excited about how 3-D scanning and printing technologies will help her dig into the past. Could she print out a full-sized version of her dinosaur? Sure, if she wanted to; she's more excited, however, about the ability to print a smaller-scale version of it.
"Before, if we wanted to do a model of a dinosaur, we could only do one size," she says. "The only way to make a model was to hire an artist to hand-sculpt everything. Then you would have to cast those bones to complete a model. "With digital scanning and the data we have, we can print a model of any size we want. We can make all sizes for all purposes. 3-D printing makes that very simple. That helps speed up the whole process of paleontology, which can sometimes be arduously long."
At NC State, 3-D printing is one more tool that students, faculty and staff are using to turn ideas into reality. Through the CIF project, the boot was tested on healthy and post-stroke subjects.
Data collected from the testing allowed the team to refine the configuration and mechanics of the boot, reducing it from more than 1.5 kilograms to only about 300 grams. The researchers also developed an electromechanical clutch.
Since the CIF award, Sawicki has received a five-year grant from the National Institutes of Health to continue to develop the exoskeleton.
As university student enrollments rise, academic advisors struggle to keep track of how well students are progressing toward completion of prerequisite classes and extracurricular activities required for solid applications to professional health graduate programs.
Anita Flick's comprehensive software platform, Livitae TM , developed via her CIF project, documents a student's achievements, across academic, community service, clinical experience and social factors. A gap analysis identifies needs to be addressed prior to application to professional programs.
Currently in beta development, Livitae allows academic advisors to generate recommendation letters aligning students' strengths with professional program objectives. The institution also can track overall acceptance rates into professional programs.
Mentoring within the CIF ecosystem resulted in a more comprehensive product solution and brought several investor groups to the table for further development and commercialization. "The support of CIF allowed me to navigate failures and setbacks safely, and challenged me positively in many ways. The final result of the project and business planning includes capabilities that I never would have thought of incorporating -and far exceeds my original expectations," Flick explains. Intelligent Campus Solutions Inc., a recently launched startup company, is working to commercialize Livitae.
"
The CIF program does a good job getting researchers to look at their scientific production outside of the usual academic metrics of degrees awarded and journal articles publishedand to combine these academic endeavors with more of an entrepreneurial spirit," notes Steve Shannon.
Just 12 months ago, the VHF atmospheric plasma source at NC State was a solution looking for a problem. Detlef Knappe and Shannon had developed a device capable of operating under a wide range of conditions at atmospheric pressure. They had demonstrated the source's ability to modify water chemistry through both addition and additive removal.
Since receiving the CIF grant, the team has targeted specific water treatment applications, demonstrated scalability for industrial use, and obtained vital data to demonstrate the basic mechanisms that enable water-chemistry modification. The team has met with several companies, not only in water treatment, but also others working with surfaces, textiles and resins.
"We are really excited about what the future holds for this technology and our new company, Air Glow Inc.," Shannon says.
Led by Walter Brown and recent NC State doctoral graduate Brandon Byrns, the startup received early mentoring from the HiTEC Program in the Poole College of Management. The team is currently pursuing several federal SBIR opportunities with support from OTT's Venture Development and the SBTDC. Air Glow hopes to obtain capital to construct a prototype commercial system. "The mentoring that we received has been instrumental in moving this technology closer to commercialization," Shannon says. 'CUT AND REPLACE' GENE EDITING
Learn more about NC
The ability to edit select DNA sequences of interest -to add, delete, activate or suppress specific genes -is the holy grail of genetics research, including the molecular basis for many diseases.
Rodolphe Barrangou uses a system called CRISPR-Cas to take aim at certain DNA sequences in bacteria. CRISPR stands for "clustered regularly interspaced short palindromic repeats," and Cas is a family of genes and corresponding proteins associated with the CRISPR system. Essentially, bacteria use the system as a defense mechanism and immune system against unwanted invaders such as viruses. Now, that same system is being harnessed by Barrangou and colleagues to quickly and precisely target certain genes for editing.
Barrangou, faculty member in food, bioprocessing and nutrition sciences, is working on a new set of genome editing tools that cuts the targeted DNA and sets the stage for precise genetic modifications. His work holds promise in manipulating relevant bacteria for use in food and biotechnology applications and in model organisms used in agriculture, biotechnology and medicine.
CREATING EXTREME BIOFUELS Sal twater algae produce oil that can be converted to biofuels without using up valuable land and freshwater resources. The problem? It's not cost-effective. NC State researchers Heike Sederoff, Amy Grunden, Robert Natelson and Kelly Zering have figured out a way to solve that problem with the help of extremophiles.
Extremophiles are organisms that live in extreme environments, like hot springs, acid lakes or polar ice caps. These organisms produce enzymes that are useful in industry -"extremozymes" that can work under extreme conditions and are used in detergents that help clean our laundry, or in food to make your cheese taste less bitter, or even to help dispose of deadly chemical weapons like sarin gas.
The researchers figured out a way to take the gene responsible for a particular enzyme's production from the extremophile and put it in the algae. The algae then produce both the oil for biofuels and the extremozyme of interest. Josip Simunovic is a pioneer in the field of aseptic processing, a system for rapidly heating and packaging food products in a sterile environment. His innovations, which have earned 10 U.S. patents, have made it possible for the food industry to deliver shelfstable foods like soups and fruit snacks in packaging that preserves their flavor and nutritional value without requiring refrigeration. Now, Simunovic is developing a prototype of a modular aseptic processing system that could be used by R&D labs and small-scale food processing companies for a fraction of the cost of an industrial-scale system.
Simunovic says the lower-cost system will give "insurgents" in the food industry the tools to develop a wide variety of innovative food products such as daring new hot sauces for an emerging generation of food enthusiasts.
TESTING THERMOELECTRIC TEXTILES
Hal f of the energy generated in the U.S. is lost as waste heat, much of it during manufacturing.
But what if wasted power could be harvested and be re-purposed to power other electronics in an industrial plant, like LED lighting? That's the vision of textile researcher Jesse Jur and former research professor Mark Losego, now at Georgia Tech. They're creating flexible thermoelectric textiles that harvest power from temperature differentials, such as those between heated pipes and cold air.
Textiles with embedded electronics are flexible enough to wrap around a pipe, stretch over walls and fit into nooks and crannies, generating DC voltage that could supplement other power sources. Thermoelectric textiles work with low-temperature heat loss -something that current technologies don't do -and are less expensive to manufacture than existing designs.
The team, which recently added postdoctoral student Krishamraju Ankireddy, is developing a prototype for testing in the lab and with industry partners.
CLEANER CAR ENGINES
Whi le the development of new technologies to replace fossil fuels is the focus of many researchers, NC State engineering professors Tiegang Fang and Greg Buckner are working on a simple change to the geometry of spray fuel injectors that they believe will offer a double dose of improvement for an American economy that consumes 385 million gallons of gasoline a day.
They are developing a new injector that optimally adapts both the direction and rate of fuel flow in an internal combustion engine and automatically changes the timing of when fuel is sprayed in the up-and-down cycle of a cylinder. They hope to increase engine efficiency by 10 percent, while also reducing emissions in a cleaner-burning engine.
Major car makers have shown interest in the first-and second-generation prototypes the researchers have made in their labs on Centennial Campus, but they would like to see a working engine before they commit to installing something in an upcoming model. That's the next step in the researchers' goal of making your engine less prone to pit stops.
NC State News Services contributed these profiles.
• TOP: Josip Simunovic is developing a low-cost, aseptic food-processing system. it's given me a chance to talk to other chancellors and presidents about what NC State is doing to address some of the most pressing challenges in higher education and demonstrate that NC State is making a huge difference in our own state but also in the nation as a research, teaching and service university. It's given me a chance to serve NC State and our fellow public universities and move us forward during a critical time in history of public higher education.
Q: What were the most pressing issues for APLU and all of higher education?
One of the reasons I was so excited to serve in that position was that there has never ever been a more critical time in the history of public universities. There are a lot of issues we are grappling with, so I think we are going to continue to be focused on affordability and how public universities can continue to be accessible and APLU is the leading organization in the country representing public and landgrant universities. It's the professional organization that all of us who serve in public higher education, particularly those of us who have the land-grant tradition, have always looked up to as representing our interest broadly in Washington. For me, personally, it's an organization that I have always been affiliated with in different capacities, and to be elected to serve as chair of the board is for me a great honor. It's also great for NC State because it puts our university in a position to be front and center as we discuss all the issues we face in higher education.
Looking back on the past year as chair, I believe and I hope others would say that it's elevated NC State's visibility to our public university peers and strengthened our reputation as a leading public university. I also think accessibility of higher education and to continue to improve the education students receive. Many APLU members met with President Obama and his key advisors at the White House in January to announce new programs to make public universities more accessible to students and families. APLU and member universities are also in the midst of an ongoing conversation with the Department of Education about how to better measure and rank universities in terms of outcome and value. It's important to get those metrics and measurements right, because public universities and students will react to those rankings. APLU and the member universities are also implementing new programs to improve graduation rates, learning outcomes and produce graduates that are ready for the marketplace and to be informed and engaged community members.
Q: APLU has asked Congress and the president to address the "innovation deficit," as federal research dollars are now becoming more limited through budget cuts and sequestration. What clarity are you looking for on behalf of APLU on the research side?
I think this is the other big issue we have to address. On the education side, it is affordability and access, and on the research side, it is the key role that public universities historically have played in the "innovation economy," that is producing not only graduates but also, through the research that they do, stimulating the economy, particularly in areas of technological innovation. So APLU is concerned about the lack of consensus in Congress on budgets for various agencies and whether Congress will pass budgets that will allow the critical investments that our government makes in research. NC State was singled out for the "Place" award, given in recognition of "its reinvention of the very notion of what a research park should be." Judges lauded the university for "creating a selfsustained city" on Centennial Campus, where residential and retail establishments are located near NC State research labs and industry facilities to spur collaboration. The award also praised the ultramodern Hunt Librarythe centerpiece of Centennial Campus -calling it "a smart library for the 21st century." NC State's research chief, Terri Lomax, said the "Place" award makes perfect sense for a campus where collaboration between students, faculty and industry partners often spills out of labs into restaurants, coffee shops and greenways across the 1,200-acre campus. "There's no place like Centennial Campus," she notes. "This is the place to live, learn, work and play -all in one location." are successful and giving them the skills they need to be successful in the marketplace. We are structuring the university in a way that gets the best value out of the dollars that are invested by the state. We are working hard to have organizational excellence so that the money that we get from tuition and from state appropriations can be used as much as possible for our educational mission. And we are working hard to hire and retain faculty and staff who can move the research agenda of the university forward. I think the issues we face in the state, the strategic plan of the university, are very consistent with the issues we face nationally.
Having a clear plan and a strong sense of focus has helped us remain on track during some difficult budget years. Our Faculty Excellence Program has brought amazing talent to North Carolina to join our current faculty in moving us forward in a number of emerging fields. It's not that they are ignoring it. Just the opposite. Much of their research focuses on the stress that forest ecosystems face due to climate variability and ways to mitigate and manage that stress. They prefer to avoid the politically charged atmosphere that has stymied effective and important collaborations among landowners, government officials, environmentalists, researchers and the general public. In fact, McNulty and his colleagues work hard to find common ground.
"We work with a lot of different working landowners, some of whom are receptive to the topic of climate effects and some who are not," explains McNulty, who is with the U.S. Forest Service within USDA.
"So if you tell people you're there to fix their climate change problems, that will often be the end of the discussion. From an individual standpoint, they all want the same thing, which is the sustainability of their range, agricultural and forest lands. If we talk to landowners, regardless of their property size, they're going to be receptive if we have something they feel is going to benefit and help them maintain their land -and so that's what we focus on."
EDDY FLUX TOWERS
One way NC State and USDA Forest Service researchers help monitor the effects of climate variability in North Carolina is from towers extending into or above forest canopies in key ecosystems. The towers hold several sensors, including a gas analyzer, hygrometer and thermocouple.
Pinus taeda L. In some states, such as Alabama, Georgia and North Carolina, about two-thirds or more of their land area is forested, most of which is under private ownership and an important natural resource for the forest products industry.
Second, any long-term climate variability could not only affect sea levels from Cape Cod to the Florida Keys but could also result in a decline in forests' role as a kind of carbon "sink."
Currently the forests store large amounts of carbon, helping remove greenhouse gases from the atmosphere. Research also suggests that climate fluctuations bring on droughts, more pests, and larger and more dangerous fires as well, all contributing to increased stress on forests. "It's really risk assessment and putting the probabilities of change in context," King notes.
"We're basically asking -what is the likelihood that a given ecosystem is going to change and to what extent? Society needs to make the best decisions going forward. We want to help by getting this information out to the public. People can see changes now. They can see forests along the coast changing, but they don't know why. We try to help by developing ecosystem models that will provide decision support for future forest management activities."
The system allows for continuous monitoring of changes in wind velocity, temperature and water vapor amounts, as well as exchanges of trace gases, such as carbon dioxide.
The data collected from the three towers along North Carolina's coast are combined with a statistical method called eddy covariance or eddy flux. When the results from the towers are analyzed with comparable results from sensors in the ground, such as in the nutrient-rich swampy ecosystems of the Alligator River National Wildlife Refuge near the coast, researchers can better understand forest timber production, carbon sequestration and water yield potential from these similar forests.
Combined with climate data, the results help researchers better understand how this exchange process works. "The towers help us evaluate the overall performance of an ecosystem," says John King, head of the Tree Physiology and Ecosystem Sciences Laboratory in NC State's College of Natural Resources. "It's both a topdown and bottom-up approach at the same time, allowing us to see if the forest is taking up or giving off CO 2 , that is, the next balance with the atmosphere." NC State and USDA researchers say this information is vital to the region for a number of reasons.
First, North Carolina and other Southern states are highly dependent on forests and trees, especially the loblolly pine or 
Saving the Forest for the Trees
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CLIMATE HUBS
The eddy flux towers may be the most visible example of the collaborative work between the USDA Forest Service and NC State researchers, but several other recently launched projects promise to have even greater impact in the field of forest management.
In February 2014, the USDA announced the launch of seven "climate hubs," officially named Regional Hubs for Risk Adaptation and Mitigation to Climate Change. The Southeast Regional Climate Hub is led by McNulty and located in the USDA Forest Service's Centennial Campus offices.
The hub has three goals: to deliver science-based knowledge and practical information to farmers, ranchers and forest landowners that will help them to adapt to climate variability; to act as a repository for the latest climate and working lands science so that it's readily available to local and regional partners in federal and state agencies, universities, nongovernmental organizations, environmental groups, private companies and tribes; and to learn what information and tools landowners need to maintain and enhance the sustainability of their working lands, then pass this information to USDA leadership as funding priorities in the southeastern United States.
"We're really excited about the hub and think it's the best way to get information to and from landowners," McNulty says. "In the past, the science being conducted wasn't always getting to the landowners who might be able to use it. There wasn't much emphasis on how we make sure the information was actually making a difference. That's all changing with the hub."
A good example is the development and implementation of TACCIMO, an online tool for accessing climate change impacts and management options. TACCIMO has a number of features, including a searchable database of various forestry management options that are based on peer-reviewed literature.
There's also a geospatial mapping application that provides downscaled climate data for most forest ecosystems in the lower 48 states. Visitors to the site can type in their zip code and the map will show how the models predict how the climate will change over time for that zip code. TACCIMO can create climate, planning and literature reports, which can be used by governmental agencies, landowners and other groups. "It's a powerful feature," McNulty explains. "What used to take forest planners three months of study at the library now takes five minutes. Landowners and managers can see a real use for it because it's very inclusive with the most recent scientific information included, and we're also adding more literature all the time."
The tool can be found at www.forestthreats.org/taccimotool.
PROXIMIT Y PAYS OFF
Whether it's working on TACCIMO or the eddy flux towers, USDA Forest Service scientists attribute the speed and success of their collaborative efforts with NC State to their proximity.
"We couldn't do what we do without physically being on campus," McNulty notes. "You don't really think about it until you're on the phone and you have an idea and need to get together, so we'll all meet at Hunt Library in an hour. You just can't do that unless you're close." USDA researchers also appreciate being close to NC State students.
"We have great relationships with graduate and undergraduate interns," says Jennifer Moore Myers, a resource information specialist with the USDA Forest Service. "They get to work in this professional environment and produce something we use as a pilot for what becomes a larger project, so we benefit tremendously from those interactions. Just being able to participate in other campus activities and the working relationships we have with professorswe definitely enjoy being here." NC State researchers share USDA's enthusiasm for joint efforts.
"Our collaboration with the U.S. Forest Service is crucial," King adds. "Not only have they historically been a funding source and supporter of our research, but their scientific skills are invaluable. For example, their modelers have really helped us in terms of ecosystems and watersheds. We've been able to apply the results of our tower studies across the region using their models." Whatever the effects the changing climate will have on natural resources and human communities, researchers from NC State and the U.S. Forest Service agree more funding for research is needed. "It's critical that we continue to invest in science, education and the stewardship of our natural resources not only to produce an educated electorate, but to continue to provide answers to some of the most important questions of our time," King explains.
"These are highly complex problems, the solutions to which will go a long way toward sustaining economic well-being and quality of life for all." 
Quick Takes MEET NC STATE SCIENTISTS
In 2013, the U.S. Census Bureau reported that women, AfricanAmericans and Hispanics are significantly underrepresented in STEM fields. Part of the problem appears to be that women and people of color don't see themselves in many STEM fields. One step forward in addressing this imbalance is to highlight diverse role models in STEM.
In April 2014, the university launched "This Is What Science Looks Like at NC State," an online series that highlights the diversity of researchers in science, technology, engineering and mathematics. Rather than featuring glossy profiles, the series allows researchers to write about their own experiences and what drew them to their respective fields.
Since launching, the series has profiled more than three dozen researchers -from undergraduates to well-established faculty -all of whom are members of underrepresented groups in STEM fields. The university's new Consortium for Nonproliferation Enabling Capabilities, or CNEC, will serve as a research and education hub for the development of enabling technologies and technical talent in the field over the coming decade.
"For NC State to be selected to lead this vital national effort is a testament to our great faculty and strong leadership in nuclear engineering," says Chancellor Randy Woodson.
CNEC will implement educational activities aimed at developing a pool of future nuclear nonproliferation and nuclear security professionals and researchers. In addition, the consortium will provide the U.S. government with cutting-edge research and development to identify and address multidisciplinary and cross-functional technology and research needs that are critical to detecting foreign nuclear weapon proliferation activities.
"This grant will link students with world-class researchers and introduce them to career possibilities at the national labs while providing education in areas of great importance for the nonproliferation mission," says Anne Harrington, NNSA deputy administrator for defense nuclear nonproliferation.
Robin Gardner, professor of nuclear and chemical engineering and director of the Center for Engineering Applications of Radioisotopes, will lead the consortium. John Mattingly, associate professor of nuclear engineering, is co-principal investigator on the project.
CANCER COP TARGETS UV DAMAGE IN DNA
We know that prolonged sun exposure damages skin -the sun is a nuclear reactor, after all. But how does our body respond to and repair this damage at the DNA level?
NC State experimental biophysicist Hong Wang is part of a team led by Bennett Van Houten of the University of Pittsburgh School of Medicine that studied a DNA repair protein called UV-DDB (which stands for UV-damaged DNA-binding protein) and how it does its job.
UV-DDB is constantly scanning strands of DNA looking for sites of damage. UV-DDB is the first protein at the scene of UV-induced DNA lesions. If these lesions aren't located and fixed, they could impair a cell's ability to divide properly, leading to mutations and, over the long term, to cancer. UV-DDB prefers a three-dimensional search, or jumping, to a one-dimensional search, or sliding, when it "interrogates" the DNA for damage. That's because the 3-D search makes it easier for UV-DDB to navigate obstacles like histones and other proteins when it's searching for lesions.
RED-COLLAR RESEARCH HELPS VILLAGES
Thanks to the real-world ingenuity of NC State textile and engineering students, there's a passel of elephants in South Africa who'll find it impossible to forget which villages they're supposed to avoid.
Kristi Barnes, Keegan Ray and Caryn Siggins applied their textile engineering and technology muscle to create a rugged collar to steer pachyderms away from African villages, where bull elephants in particular do considerable damage.
The collar, created in collaboration with electrical and computer engineering students Layne Whaley, Peter Panburana, Courtney Comeford, Emma Besaw and Justin Keaton, transmits sounds and vibrations that mimic bees and ants, which elephants avoid. Powered by solar-panelcharged batteries, the waterproof collar has GPS tracking capability and uses a strategy similar to an invisible pet fence.
With support from the U.S. Army Research Office and a partner agency, Adventures with Elephants, the NC State team headed to South Africa over spring break to try out two prototypes on the animals -a real think-and-do challenge.
Obstacles included detours caused by flooding. The powerful, water-loving elephants gave the collar and its electronics a serious workout, too, forcing students to improvise on the spot. "You can't just run down to Lowe's for replacement parts," Barnes says.
Hampered by limited Internet connections in the field, enterprising team members had to figure out ways to make the device function. All of the students' work led up to the moment when results played out in real time.
As an elephant approached a GPSmapped boundary, team members activated the collar and held their collective breath. "The elephant heard the sound and felt the buzz on the side of the neck, and turned away," Ray recalls with a smile.
The results lasted longer than the students had hoped. "Almost two months later, the elephant still didn't want to go back to the area," Besaw says.
DO PEOPLE AND PIGS SHARE SALMONELLA STRAINS?
If antimicrobial-resistant Salmonella is showing up in pigs, then are baconloving people also at risk? In his latest research, NC State population health and pathobiology professor Sid Thakur looked at serotypes, or groups, of antibiotic-resistant Salmonella in people and pigs to try to determine whether these strains are being passed from pork to people.
Thakur took samples from 30 North Carolina farms -from the pigs and their surrounding environments, including everything from feed to floors -and found seven predominant serotypes of antimicrobial-resistant Salmonella. One of them, Salmonella Typhimurium, was also found in human clinical samples Thakur collected.
"Depending on the serotype we're looking at, we can find similar serotypes in pigs, people and the environment," Thakur says. "However, the individual genetic 'fingerprints' of serotypes can differ. In this case, only Salmonella Typhimurium was the same for people and pigs; however, that doesn't mean that we can say people are getting this illness from pigs or vice versa."
Thakur also notes that while the serotypes were the same, the resistance profile -in other words, c o n t i n u e d exactly, UV-DDB walks its beat. In each cell, there are about 180,000 of these protein "cops," but there are several billion DNA base pairs in the human genome, so the cops have a lot of ground to cover on every strand of DNA.
Proteins can move along strands of DNA in different ways: They can slide along the strand like skateboarders grinding a rail (called a one-dimensional search), or they can jump on and off of the strand at different pointsa three-dimensional search.
To learn how UV-DDB moves, the researchers tagged it with fluorescent nanoparticles that allow researchers to track individual UV-DDB proteins. Using a high-speed camera (20 frames per second) and a fluorescence microscope, researchers captured video of UV-DDB's movements on DNA. They learned that the drug that the serotype is resistant to -differs from human to pig populations. "In pig populations and their environment, all of the samples we looked at were primarily resistant to tetracycline, which is an antimicrobial commonly used in production environments," he says. "In humans, the resistance profile was much different."
So what does this mean for consumers? As always, proper cooking and food handling practices eliminate 99 percent of the problem. "Further studies to determine the role played by different reservoirs -people, pigs and environment -in the food chain will be key to determining which direction the infection is flowing from," Thakur says.
Thakur's results appear in Foodborne Pathogens and Disease.
IMPROVING AFRICAN SWEET POTATOES
NC State will receive $12.4 million over the next four years from the Bill and Melinda Gates Foundation to improve a crop that is an important food staple in sub-Saharan Africa -the sweet potato.
The grant will fund work to develop modern genomic, genetic and bioinformatics tools to improve the crop's ability to resist diseases and insects and tolerate drought and heat.
Craig Yencho, an NC State horticultural expert who heads the university's sweet potato breeding program in the College of Agriculture and Life Sciences, is the project director. He says that sweet potatoes have a number of valuable characteristics that make them an attractive African crop.
"Sweet potato is a hardy crop that can be planted in drought-prone and lowfertility soils," Yencho says. "Orangecollaborative spirit and commitment to solve the grand challenges of society," says Chancellor Randy Woodson.
A recognized leader in developing WBG technology, NC State will unite the industry, academic and government partners in their effort to revolutionize energy efficiency across a wide range of applications, including electronic devices, power grids and electric vehicles. In addition to developing manufacturing processes, the consortium will develop devices and packaging materials that take advantage of the technology's higher temperatures and voltages.
But the payoff could be huge. WBG power electronics technology has the potential to reshape the global market for power electronic components by increasing the efficiency of everything that uses power electronics, from industrial motors and consumer electronics to data centers and renewable energy systems. The WBG share of the international lighting market alone is expected to reach $84 billion by 2020.
WBG technology also eliminates up to 90 percent of the power losses that occur when converting from alternating current to direct current and vice versa. It can handle voltages more than 10 times higher than silicon-based devices, greatly enhancing performance in high-power applications. And it can operate at more than twice the temperature of silicon-based devices, resulting in better reliability and efficiency. "The innovations developed by PowerAmerica will give U.S. manufacturers a head start and competitive edge in the emerging WBG market. This is a game changer," says Terri Lomax, vice chancellor for research, innovation and economic development.
Learn more at ncsu.edu/power.
HARNESSING CROWDS TO ANALYZE CLOUDS
When it comes to analyzing hurricanes and other tropical cyclones, lack of data isn't the problem. Scientists have 30 years of satellite images of these massive storms. What they don't have is reliable data about cyclone intensity, because analysis methods have changed through time and from one region to another. fleshed sweet potatoes, which are an excellent source of vitamin A, rank first in nutritional quality among root and tuber crops grown in sub-Saharan Africa, providing vitamins for millions of people."
Chancellor Randy Woodson praised Yencho's work on sweet potatoes in Africa and in North Carolina, which leads the United States in sweet potato production.
"Dr. Yencho's work on this important crop has led to a number of new varieties and improvements in sweet potatoes grown across the world, and is an excellent example of NC State's think-and-do mentality," Woodson says. "The international collaboration he'll head will use interdisciplinary teams to gain critical knowledge -and share that knowledge -to help feed a continent." NC STATE LEADS POWERAMERICA NC State's leadership of the $140 million Next Generation Power Electronics National Manufacturing Innovation Institute, or PowerAmerica, continues to move forward with four other universities, 12 industry partners and two government labs in the consortium.
Announced by President Obama earlier this year, the institute will develop advanced manufacturing processes that will enable large-scale production of wide bandgap (WBG) semiconductorbased power electronics, which allow electronic systems to be smaller, faster and more efficient than power electronics made from silicon.
"NC State couldn't be more proud to have been selected to lead this institute, which truly embodies everything that our university stands for -from our think-and-do philosophy to our 
STUDY OFFERS INSIGHT INTO CHALLENGES FOR COLLEGE ATHLETES
A new study from NC State sheds light on how some collegiate studentathletes deal with uncertainties ranging from excelling in both school and sports to their career prospects outside of athletics.
"We wanted to explore how studentathletes at top-tier universities cope with the dual challenges of meeting the expectations of their teams while simultaneously complying with their responsibilities as university students," says Lynsey Romo, a communication faculty member at NC State and lead author of a paper on the work.
The study was based on in-depth interviews with 17 student-athletes at a university that is considered to be elite in both its academic and athletic programs.
The researchers found that studentathletes reported feeling uncertain in three areas: personal uncertainty, such as uncertainty about injury or about balancing school work and sports; social uncertainty, such as uncertainty related to who their "real" friends are; and future uncertainty, such as uncertainty concerning their post-collegiate careers and whether the time they spend pursuing athletics will hurt their career prospects.
Most of the student-athletes reported using a variety of techniques to reduce uncertainty. These uncertaintyreduction strategies included seeking social support from friends, family or academic counselors; socializing with friends to take a break from sports and school pressures; negotiating with coaches in an attempt to increase their scholarship; and sometimes concealing their athlete status from peers to minimize people befriending them for the wrong reasons or to prevent negative stereotypes. Other student-athletes came to terms with uncertainty as a natural part of life and turned to prayer to help them cope. Narayan is also the 2014 recipient of the O. Max Gardner Award -the most significant honor given to faculty by the University of North Carolina Board of Governors.
The Gardner award is presented each year to a faculty member from one of the system's 17 campuses who is recognized as having "made the greatest contribution to the welfare of the human race." Narayan is the 29th faculty member from NC State to win the O. Max Gardner Award since its inception in 1949.
Narayan has made groundbreaking contributions to the field of materials science, most notably in domain matching epitaxy, a method of combining nanomaterials that reduces defects in the semiconductor materials that affect LED efficiency. This work led in turn to the development of high-efficiency LEDs that will save energy, reduce greenhouse emissions and contribute to our nation's energy independence. He holds 40 U.S. patents and has published nine books and more than 500 papers in scholarly journals, which have more than 20,000 citations. "Genre" refers to the categories that we slot communications into, based on the patterns they demonstrate. For instance, a fictional narrative that doesn't take long to read from start to finish would generally be called a short story; a book-length piece of fiction is a novel. For scholars, however, the difficulty with genres is how to define them. It's easy to rattle off a list of genres, but what really constitutes a genre?
The problem is particularly acute in the field of rhetoric, which is the study of how we influence each other through communication. Rhetoricians have come up with many schemes for defining genres, but they all overlap or contradict each other in some way.
Miller got the idea to write her groundbreaking article when she realized that none of the rhetoricians' definitions of genre were based on the communicative act itself. Her essential insight is that genres don't exist in some list or scheme; they're created through shared, repeated social actions. Genres are social actions, which means that old genres die, and new ones come into being, all the time. Miller's article was the first theoretically based statement of that principle within the field of rhetoric.
Since then the ideas in her article have spread throughout academia, to fields including linguistics, education, anthropology and sociology; and in popular culture, popping up in discussions about literature, music and even technology. "Our students are getting degrees in everything that NC State has to offer," Harris says. "A lot of them could have gone into dance, but they also happen to be engineers or mathematicians or textiles majors." So why would an engineer take a dance class or join a dance company? "Because, for them, dance supports who they are in the world," she says.
OTT CITES INNOVATOR AND ENTREPRENEUR
"They're engineers, but they're also dance artists, and they need their art form to express themselves fully, to organize their perspectives on the world around them and be a whole human being."
The university may not have a dance major, but that doesn't stop the dance program from emphasizing the centrality of art in everything it does.
"The art is the core of what we teach," Harris says. "And the value of that method has been proven time and time again in terms of regional and national recognition." Office of Technology Transfer survey indicates that our startups have created more than 3,500 jobs in North Carolina and more than 8,100 worldwide, and raised more than $1.6 billion in investments. The majority of NC State's startups are headquartered in North Carolina, contributing to the economic development of our state.
In the first three years of the Chancellor's Innovation Fund, 17 projects received funding. From these projects, five startups have launched, five commercial licenses have been executed and $3.9 million awarded in additional development funds. Six additional projects have been selected for funding in FY2015: "cut and replace" gene editing; extreme biofuels; identifying "vulnerable" arterial plaque; a low-cost, aseptic food-processing system; thermoelectric textiles; and variable fuel injectors.
NC State exceeded $300 million in sponsored-research funding for the first time, spurred by success capturing federal awards along with recordsetting funding from industry partners. See details on page 32. The total does not include several major projects recently announced to begin in FY2015.
The U.S. Department of Energy selected NC State to lead PowerAmerica, the Next Generation Power Electronics National Manufacturing Innovation Institute, which will work with industry, 
